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I. INTRODUCTION

Radiation patterns of large reflector antennas are often difficult to

measure. Even scaled models measured at higher frequencies require large

antenna ranges. An alternative method for obtaining reflector antenna

patterns is the measurements of primary-feed patterns on a small indoor range

and the determination of the secondary patterns by computation. This

procedure is described for a Cassegrain reflector system.

The use of the bench-top range for reflector simulation was especially

attractive when the effects of a series of small design changes in a complex

feed structure on the radiation pattern were needed to be known quickly. For

example, this procedure was used in the optimization of a feed structure for

low sidelobe levels.

The system consists of the millimeter-wave range, data acquisition

instruments and the computational elements. The experiment was performed and

recorded using a desktop computer which transmitted the data to a mainframe

computer for the reflector antenna simulation. Far-field patterns of the

reflector antenna with selected feed structures were conducted on the full-

size range to verify the technique, and the results compared favorably with

the computed results.
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II. DESCRIPTION

The millimeter-wave range was originally developed for quasi-optical

millimeter-wave measurement.1 As shown in Fig. 1, the transmitter consists of

a fixed 38 GHz 100 WW Gunn diode oscillator with a precision attenuator placed

after the source for gain calibration. The range consists of the feed

structure supported on posts on a rotating stage. The mounts were designed to .'-

allow for rotation for E and H plane measurements. The posts rest on

micrometer driven single axis stages which vary the horn-subreflector spacing

and rotation axis relative to the feed structure's phase center. The typical

range was 4 ft, and boresight was established using an alignment laser. The

rotating stage was mounted on a stepper motor located on the optical rail.

Absorber material surrounds the range setup (Fig. 2).

A direct detection system was used with a Schottky diode mixer as

detector. The ferrite switch was driven at - 200 Hz to maximize detector

response with minimum 1/f noise in the correlator. The detected signal,

amplified and level shifted using the correlator, was digitized in the data

acquisition system. The computer integration of the signal allowed for

adaptive averaging to reduce measurement time near the pattern maxima;

measurement times were increased in the pattern minima region. The digitized

patterns were stored in the desktop computer.

The desktop computer performed averaging and plotting of the measured

feed pattern in real time. In addition, the patterns in l* or 1/2* steps were

stored on floppy disk. The patterns chosen for further analysis were uploaded

to the mainframe computer for analysis by the Geometrical Theory of

Diffraction (GTD) program.2 The GTD program computes the main-reflector

antenna pattern with the measured primary-feed illumination and outputs the

listings and plots of the Cassegrain antenna pattern.

7
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Fig. 2. Photograph of Range and Instrumentation
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III. EXPERIMENT

The millimeter-wave antenna range was used to measure the effects of

numerous modified horn and subreflector combinations as described in Ref. 3.

This information was used as a first round analysis to find potentially

suitable feed structures to illuminate the reflector. The feed structures

found to be most likely to produce acceptable secondary patterns were

transmitted from the desktop computer to the mainframe computer.

A reflector antenna with the selected feed structures was measured on the

full size far-field antenna range, using a receiver with a 90-95 dB dynamic

range. 3 A measured far-field pattern superimposed on a pattern computed by

the GTD program using primary-feed data measured on the millimeter-wave range

is shown in Fig. 3. There is good agreement between the two patterns in the

main lobe and in the average level for angles out to 800. The greatest

discrepancies are in the back lobes. This may be caused by the difference

between the mathematical and physical model of the edge of the reflector,

namely a knife-edge model in the simulation vs. the actual rounded edge of the

dish. In addition, the receiver, which was used in the dish pattern

measurement, was mounted on the back of the reflector and was not accounted

for in the analysis.

11.



IV. CONCLUSION

The millimeter-wave range was used to quickly eliminate poor horn-

subreflector combinations without having to measure the secondary reflector

patterns. The true capability of the system was exercised when the ".

millimeter-wave range data was used in conjunction with the GTD reflector

program to reduce measurement time and allow quicker modification and analysis

turnaround time. Furthermore, with improved correlation between simulated and

measured reflector patterns, secondary antenna pattern determinations may in

some cases be performed solely by simulation of the reflector with measured

primary feed-structure patterns.
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LABORATORY OPERATIONS

The Aerospace Corporation functions as an "architect-engineer" for

national security projects, specializing in advanced military space systems.

Providing research support, the corporation's Laboratory Operations conducts

experimental and theoretical investigations that focus on the application of

scientific and technical advances to such systems. Vital to the success of

these investigations is the technical staff's wide-ranging expertise and its

ability to stay current with new developments. This expertise is enhanced by

a research program aimed at dealing with the many problems associated with

rapidly evolving space systems. Contributing their capabilities to the

research effort are these individual laboratories:

Aerophysics Laboratory: Launch vehicle and reentry fluid mechanics, heat
transfer and flight dynamics; chemical and electric propulsion, propellant
chemistry, chemical dynamics, environmental chemistry, trace detection;
spacecraft structural mechanics, contamination, thermal and structural
control; high temperature thermomechanics, gas kinetics and radiation; cw and
pulsed chemical and excimer laser development including chemical kinetics,
spectroscopy, optical resonators, beam control, atmospheric propagation, laser
effects and countermeasures.

Chemistry and Physics Laboratory: Atmospheric chemical reactions,
atmospheric optics, light scattering, state-specific chemical reactions and
radiative signatures of missile plumes, sensor out-of-field-of-view rejection,
applied laser spectroscopy, laser chemistry, laser optoelectronics, solar cell
physics, battery electrochemistry, space vacuum and radiation effects on
materials, lubrication and surface phenomena, thermionic emission, photo-
sensitive materials and detectors, atomic frequency standards, and
environmental chemistry.

Computer Science Laboratory: Program verification, program translation,
performance-sensitive system design, distributed architectures for spaceborne
computers, fault-tolerant computer systems, artificial intelligence, micro-
electronics applications, communication protocols, and computer security.

Electronics Research Laboratory: Microelectronics, solid-state device

physics, compound semiconductors, radiation hardening; electro-optics, quantum
electronics, solid-state lasers, optical propagation and communications;
microwave semiconductor devices, microwave/mtllimeter wave measurements,
diagnostics and radiometry, microwave/millimeter wave thermionic devices;
atomic time and frequency standards; antennas, rf systems, electromagnetic
propagation phenomena, space communication systems.

Materials Sciences Laboratory: Development of new materials: metals,
alloys, ceramics, polymers and their composites, and new forms of carbon; non-
destructive evaluation, component failure analysis and reliability; fracture
mechanics and stress corrosion; analysis and evaluation of materials at
cryogenic and elevated temperatures as well as In space and enemy-induced
environments.

Space Sciences Laboratory: Magnetospheric, auroral and cosmic ray
physics, wave-particle interactions, magnetoapheric plasma waves; atmospheric
and ionospheric physics, density and composition of the upper atmosphere,
remote sensing using atmospheric radiation; solar physics, infrared astronomy,
infrared signature analysis; effects of solar activity, magnetic storms and
nuclear explosions on the earth's atmosphere, ionosphere and magnetosphere;
effects of electromagnetic and particulate ridlattons on space systems; space
instrumentation.
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